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[’ (p)a(p), a(p’)] =a' (p)[a(p), a(p')] + [a' (p), a(p’)]a(p)
= — (2m)*2p"6(p — p)a(p),
[’ (p)a(p), a’ (p")] =a'(p)[a(p), a’ (p")] + [a' (), a' (P)]a(p)
= af(p)(2m)*2p°6(p — P').

P, 0(a)) =g [ Epgrsrialp)e ™ + al (p)e]

= — "¢ (z).

e P §(z)ei*F =(1 — ia.P)g(z)(1 + ia.P) + O(a)
=¢(z) + ip(x)a.P — ia.Pp(z) + O(a?)
=¢(x) +iau(¢(x) P — P'¢(z)) + O(a”)
= ¢(z) — ia,[P*,¢] + O(a?)
=¢(z) — a,0"¢(z) + O(a?) = ¢(z — a)

using Taylor’s Theorem to 1st order.
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and similarly /[p%ﬁ(a:) + in(z)]e® *dPx = a(p’).
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Now z° and z/° are arbitrary, so we can choose z° = 2'° = ¢ say, in order to usde the
equal time commutation relations. Then
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Also
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< psp4lp1p2 >= < Ola(ps)a(ps)a’(p1)a’ (p2)|0 >
= < 0la(ps) {[a(p4), a (p1)] + a¥(p1)a(p4) } o’ (p2)[0 >
=(27)*2pY6(pa — p1) < 0Ola(ps)a’ (p2)[0 >
+ < Ola(ps)a’ (p1)a(pa)at (p2)[0 >

Now
< palp1 >=< 0|a(p4)aT(p1)|0 >

= < 0| {[a(pa), a'(p1)] + aT(pl)a(m)} 0>
(27m)32pY6(ps — p1) < 0|0 >
(27)*2p}0(pa — p1)

SO
< p3p4|P1P2 >= < p4|p1 >< P3[p2 >
+ < Ola(ps)a’(p1) {[a(p4), a’ (p2)] + a' (p2)a(p4) } [0 >
= < palp1 >< ps|p2 > +(27)*2p36(pa — P2) < Ola(ps)a’(p1)/0 >
= < p4|p1 >< p3|p1 > + < palp2 >< p3lp1 > -

5(a).
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_ 1 / d*k ik
@t Je, K92 -k - m2 ¢

= d4k —ik.x
= e 3 .
(2m)* /CF (k° — vVk2 + m?)(k° + vk? + m?)

For z° > 0 we may close the contour towards k° — —ioo.

Br(e) == o |, d'k ik
2m)* Jo+ (K0 — VEZ +m2) (k0 + VK2 + m2) '

5



The —ve sign is because on closing the contour Cr the sense of rotation is clockwise, and
C?t is defined to be traversed anticlockwise. By Cauchy’s Theorem, the value of the &°
integral is then (27i) times the residue of the pole at k® = v/k2 + m2, and we have

) d3k ; 2 2,0
A — —i(vkZ2+m?2z" —k.x)
r(®) = any / VI m2
— Z etk
(2m)3 | 2kO ’

where in the last equation k° = vk2 + m2.
For z° < 0 we may close the contour towards k° — +ioo.

A (m) _ 1 / d4k e—ik.a:
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The value of the k° integral is then (274) times the residue of the pole at k° = —v/k2 + m2,
and we have
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(2m)3 2K0°

where we have used the fact that the integral over k is unchanged by the change k — —k,
and in the last equation k° = v/k2 4+ m?2. Writing

¢(z) = ¢ (2) + ¢! (2)

where . e
p —ip.x
¢(+)($)=(2W)3/@a(p)e P
— 1 d3p ip.T
6@ =gz [ Gl @),
we have B P
- 1 pd’p _ip.
60,60 = s [ oo g la(e):al (@)
1 d3p d3p’ ip.p
_(27r)6/ o g0 (27 2 0P =)
_ 1 /dg_p —ip.x
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and similarly
1 &k
(+) (=) — = ik

So for z° > 0

Ar(z) = —i[pM(z), () (0)],

while for z° < 0

Ap(z) = —i[¢p1(0), ¢ (2)].

()
< 0[¢(2)$(0)[0 >= < 0[¢') (z)$((0)[0 >

= < 0/[¢) (), (0)]]0 >,

since ¢(t)|0 >= 0, and similarly
< 0[¢(0)p(x)|0 >=< 0[[¢T)(0), ) ()]0 > .

S
° iAp(z) = < 0|¢p(z)p(0)|0 > if z°>0.
iAp(z) = < 0]¢p(0)p(z)|0 > if 20 <0,

i.e.

< 0|T{¢(z), #(0)}|0 >= iAp(z).



